BACKGROUND: Despite widespread implementation of mammographic breast density (MBD) notification laws, the impact of these laws on knowledge of MBD and knowledge of breast cancer risk is limited by the lack of tools to promote informed decision-making in practice. OBJECTIVE: To develop and evaluate whether brief, personalized informational videos following a normal mammogram in addition to a legislatively required letter about MBD result can improve knowledge of MBD and breast cancer risk compared to standard care (i.e., legislatively required letter about MBD included with the mammogram result). DESIGN/PARTICIPANTS: Prospective randomized controlled trial of English-speaking women, age 40-74 years, without prior history of breast cancer, receiving a screening mammogram with a normal or benign finding (intervention group n = 235, control group n = 224). Intervention: brief (3-5 min) video, personalized to a woman's MBD result and breast cancer risk. MAIN MEASURES: Primary outcomes were a woman's knowledge of her MBD and risk of breast cancer. Secondary outcomes included whether a woman reported that she discussed the results of her mammogram with her primary care provider (PCP). KEY RESULTS: Relative to women in the control arm, women in the intervention arm had greater improvement in their knowledge of both their personal MBD (intervention pre/post 39.2%/ 77.5%; control pre/post 36.2%/ 37.5%; odds ratio (OR) 5.34 for change for intervention vs. control, 95% confidence interval (CI) 3.87-7.36; p < 0.001) and risk of breast cancer (intervention pre/ post: 66.8%/74.0%; control pre/post 67.9%/ 65.2%; OR 1.42, 95% confidence interval (CI) 1.09-1.84; p = 0.01). Women in the intervention group were more likely than those in the control group to report discussing the results of their mammogram with their PCP (p = 0.05). CONCLUSIONS: Brief, personalized videos following mammography can improve knowledge of MBD and personal risk of breast cancer compared to a legislatively mandated informational letter.
BACKGROUND
Breast cancer is the most common cancer in women, and mammography remains the cornerstone of breast cancer screening. Yet mammography is an imperfect test with both false-positive and false-negative results. 1 Women with higher mammographic breast density (MBD) have a greater risk of breast cancer, 2 and MBD can Bmask^cancer on mammography, lowering the sensitivity. 3, 4 Motivated by the belief that the role of MBD on risk and the problem of masking is underappreciated, patient advocacy groups have worked to pass state and national legislation to inform women about their breast density. 5 As of December 2017, MBD notification laws have been enacted in 32 states, are advancing in 9 additional states, and federal legislation has been introduced; the first legislation was enacted in Connecticut in 2009. 5 Massachusetts required MBD notification as of January 1, 2015. The legislation requires notification that a patient's mammogram shows dense breast tissue; dense breast tissue is common and not abnormal, but may increase the risk of breast cancer; dense breast tissue can make it difficult to find cancer on a mammogram, and sometimes, additional testing is needed for reliable breast screening; that additional screening may be advisable and that a patient should discuss the results of the mammogram with the patient's referring physician or primary care physician; the patient's right to discuss the results of the mammogram with the interpreting radiologist or physician; a report of the mammogram has been sent to the referring physician and will become part of the patient's medical record. 6 Several states also require a woman to be notified that she may benefit from additional screening tests, such as breast ultrasound, and a few states mandate that private insurers cover additional screening tests for women with dense breast tissue. Modeling suggests that at least 28 million women aged 40-74 (43% of women in this age group) have higher levels of MBD and could be affected by such legislation. 7 While notification laws have the well-intentioned goal of informing women about their MBD, they promote a laser focus on MDB, and downplay other important risk factors for breast cancer (e.g., age, family history), therefore limiting a broader understanding of risk. While many states specify the exact language for MBD notification, most of this language exceeds recommended readability levels. 8 Few studies following the implementation of legislation suggest that a minority of women know their MBD, and that there is lack of knowledge of the effect of MBD on breast cancer risk and detection. 9 Tools are needed to put MBD in the context of overall risk so that patients and providers can have more meaningful discussion. 10 The objective of this study was to develop and evaluate whether brief, personalized informational videos following a normal mammogram result can improve knowledge of breast cancer risk and MBD compared to standard care (i.e., legislatively required language about MBD included with the result of the mammogram).
METHODS

Overview
INFORMD (INFORming patients after Mammography about Density) was a prospective randomized controlled trial with 1:1 batched, sequential allocation to assess whether viewing a brief, personalized informational video after a routine screening mammogram would improve women's knowledge of her breast cancer risk and MBD compared to the required breast density notification letter used in radiology practice (online Appendix includes the notification language used during the study period). Of note, Brigham and Women's Hospital sends density information to all women, not just those who have dense breast tissue as required by law. The protocol was reviewed and approved by the Institutional Review Board (IRB) of Partners Healthcare and registered at Clinicaltrials. gov (NCT02986360). There were no important changes to the study design after trial commencement.
Setting and Eligibility
Eligible patients were English-speaking women, age 40-74 years, who had received a bilateral screening mammogram with a normal or benign finding (i.e., Breast ImagingReporting and Data System (BIRADS) 1 or 2) at Brigham and Women's Hospital and were receiving the results of this mammogram. Patients who did not have an email address on record in the electronic health record (EHR) were excluded, or who had a prior diagnosis of breast cancer or ductal carcinoma in situ (DCIS) documented in the EHR or by self-report.
Randomization and Study Flow
Between May 1 and October 6, 2017, eligible women were sent a letter requesting their participation in the study along with their mammogram result letter. The recruitment letter included opt-out information. If a woman did not opt-out within 2 weeks of receiving a letter, she was randomized and sent an email with a link to an online survey via Research Electronic Data Capture (REDCap). Randomization was done at the individual level, using Excel, in weekly batches. Women did not know their randomization status until they had completed the baseline assessment. Women received up to three additional reminder emails, scheduled 5 days apart. Participants who did not respond to the emails received up to two phone attempts by research staff within the following 2 weeks. 
Baseline Assessment
Intervention
Following the baseline survey, women in the intervention arm could view their personalized video based on their calculated breast cancer risk and MBD result. We developed four informational Vidscrips (https://www.vidscrip.com), brief (3-5 min) informational videos, for women to receive following their mammogram result that varied based on a woman's breast cancer risk (high vs. average as defined below) and density result (higher vs. lower). These Vidscrips were personalized based on each woman's breast cancer risk and MBD result. The Vidscrips presented an overview of breast density, how it is measured, a woman's personal MBD, an overview of risk factors for breast cancer, a woman's personal risk for breast cancer, and personalized recommendations for screening based on risk and MBD. Breast cancer risk was calculated using the Breast Cancer Surveillance System (BCSC) model which includes age, race/ethnicity, family history of breast cancer, history of prior biopsies, and BIRADS density. [11] [12] [13] This model has better prediction of breast cancer risk than other risk models and integrates density. 12 MBD is determined by the relative amounts of fat and connective and epithelial tissue that appear on a mammogram. It is typically defined by a qualitative description (BIRADS density BA^(almost entirely fatty), BB^(scattered areas of fibroglandular density), BC^(heterogeneously dense), or BD^(extremely dense)).
Breast cancer risk was categorized as Bhigh^if a woman's risk was in the top 5% of the population risk observed in the BCSC by age. 14 Other women were categorized as Baverage^risk.
MBD was categorized has higher (C or D) vs. lower (A or b).
Outcome Assessment
Two weeks following the completion of the baseline survey, participants in both the control and intervention arms were emailed an outcome assessment survey with a reminder schedule similar to that described for the baseline survey. Following the outcome assessment survey, women in the control arm received their personalized video described below to view if they wanted. Women in both study arms who completed both the baseline and outcome assessment surveys received a $25 gift card in appreciation of their time. Outcome assessment did not change over the course of the trial. Our primary outcomes were a woman's knowledge of her (1) MBD and (2) calculated risk of breast cancer at the time of the outcome assessment survey. Secondary outcomes included whether a woman reported that she discussed the results of her mammogram with her PCP by the time of the outcome assessment survey and, if the results were discussed, specifically whether they discussed whether a woman should receive any additional screening tests, including ultrasound and breast magnetic resonance imaging (MRI). Within the intervention arm, we also examined whether the Vidscrip was opened, which modules were viewed, and satisfaction with the content.
Data Analysis
Sample size was selected to ensure adequate power over a range of possible baseline rates of knowledge (30-60%) and a clinically meaningful absolute improvement of 10% for the intervention group relative to the control group. We anticipated that 25% of women who were approached would respond to the baseline assessment and that 85% of these women would complete the outcome assessment. Our goal was to have 300 women complete the outcome assessment. We had a higher than anticipated response to both the baseline and outcome assessments (Fig. 1) ; because of this, we increased the overall recruitment number to 500 so that we would have more high-risk women to better enable us to examine this subgroup; the study was stopped with the mailing batch that would achieve this sample size. We compared the characteristics of respondents vs. nonrespondents and characteristics of participants in the intervention vs. control arms using Wilcoxon tests and chi-square tests. In addition to examining the overall effect of the intervention on the outcomes, we explored the effect of the intervention in subgroups based on risk and breast density. Repeated measures logistic regression was used to assess whether the change in outcomes between the baseline and outcome assessment surveys was different for the intervention vs. control arms. Analysis was based on original group assignment.
RESULTS
Recruitment and Retention
During the enrollment period, we identified 1809 women as potentially eligible based on age and mammogram result and whether an email address was listed in the EHR (Fig. 1 ). Of these, 252 were found to be ineligible (e.g., prior history of breast cancer). Of the 790 eligible women in the intervention arm, 255 (32.3%) completed the baseline survey, and of these, 235 (92.2% of baseline completers) completed the outcome assessment survey. Of the 767 eligible women in the control arm, 241(31.4%) completed the baseline survey, and of these, 224 (92.9% of baseline completers) completed the outcome assessment survey.
Study Population
Compared to women who did not participate, participants were more likely to be documented in the EHR as white (79.6% vs. 64.0%, p < 0.001), and a college graduate or more (63.5% vs. 49.6%, p < 0.001). There were no differences by age or health insurance.
The median age of participants was 57 years (Table 1) . Most participants self-reported that they were white, had graduated from college, and were privately insured. Nine percent of women were at higher calculated risk of breast cancer and 50.1% had higher MBD. Twenty-two percent of women perceived that they were at higher than average risk of breast cancer. Most women did not know their breast density, and of those who did, more thought that they had higher vs. lower MBD. Twenty percent of women reported ever discussing their personal MBD with their PCP prior to enrollment. There were no differences in demographic or clinical characteristics between women in the intervention and control arms.
Effect of the Intervention on Ability to Correctly Identify Breast Cancer Risk and Density
At baseline, 66.8% and 67.9% of women in the intervention and control groups respectively could correctly identify their overall (Fig. 2) . At outcome assessment, this increased to 74.0% for women in the intervention arm, but did not change for women in the control arm. At baseline, 39.2% and 36.2% of women in the intervention and control groups respectively could correctly identify their MBD. At outcome assessment, this increased to 77.5% for women in the intervention arm, but did not change for women in the control arm. The intervention was significantly associated with improvement in understanding of personal risk of both breast cancer (odds ratio (OR) 1.42, 95% confidence interval (CI) 1.09-1.84; p = 0.01) and MBD (OR 5.34, 95% CI 3.87-7.36; p < 0.001). The effect of the intervention was significant across subgroups based on breast cancer risk and MBD except among the subgroup of women at high risk of breast cancer (Fig. 3) .
Discussion of Mammogram Results with PCP
At the time of the outcome assessment survey, only 33.5% of women in the intervention group and 25.5% of women in the control group had discussed the results of their mammogram with the PCP (p = 0.05; Table 2 ).
Of those who discussed their result with their PCP, 35.9% of women in the intervention arm and 21.4% of those in the control arm reported that they had discussed getting additional imaging (p = 0.07); in the intervention arm, 18.0% discussed getting supplemental ultrasound and 14.1% discussed getting supplemental MRI vs. 5.4% (p = 0.03) and 12.5% (p = 0.79) respectively in the control arm. 
Use of and Satisfaction with the Intervention
Among women in the intervention arm, 86% watched the entire video, 4% part of the video, and 10% did not watch the video. Videos were well received with 86% of respondents saying that they were very easy to understand.
DISCUSSION
The evidence base to inform the implementation of MBD legislation is complex, incomplete, and controversial, 15 and tools for patient education are limited. INFORMD demonstrates that brief, personalized videos can be implemented in clinical practice to improve personal knowledge of MBD and, to a smaller extent, personal risk of breast cancer, compared to a legislatively required letter. Since knowledge of risk was relatively high in this population at baseline, it is not surprising that an improvement in knowledge of risk associated with the intervention was smaller than that for MBD. We also demonstrated a modest improvement of discussion of these issues with the patient's PCP; this is not surprising given the short follow-up time interval as mammograms typically occur dissynchronously from PCP visits. Among those who talked with their PCP, the intervention was associated with greater discussion of supplemental ultrasound but not MRI. The video format was well received.
There is limited information about whether MBD legislation has promoted patient knowledge. A national, internet panel survey of over 2000 women in 2012 found that women residing in Connecticut were more likely to have discussed their MBD with a health care provider (67% vs. 43% for residents of other US states). 16 Eligibility for this crosssectional survey did not require recent mammography and did not assess personal knowledge of MBD or risk. To fill a need created by the legislation, providers want tools to help promote informed decision-making about MBD and breast cancer screening. 10 While several studies have examined decision tools to systematically identify breast cancer risk in clinical settings and to increase patient-PCP discussion of breast cancer risk, 14, 17, 18 we do now know of studies to date that have specifically examined the role of MBD notification on decision-making, although studies are underway. 19 Our study has several limitations. We used the BCSC model as it incorporates information about density into the risk assessment, has been externally validated, and performs well across risk factor subgroups, 12 but it does not assess genetic or lifestyle risk factors. We chose a threshold of 5% to defined Bhigher risk^vs. the 3% threshold that is suggested by the US Preventive Services Task Force for consideration of the use of selective estrogen receptor modulators (SERMs) because our goal was to encourage women to discuss their risk of screening in addition to the specific use of SERMS. 20 Further efforts are needed to ensure that these types of tools are generalizable to non-English speaking, women who do not have access to the internet, and women with less education from a variety of institutions. Our follow-up period was brief; longer-term studies are needed to understand the effect of these educational tools on knowledge of risk and MBD and screening utilization over longer time periods. We did not assess why women in the intervention arm were more likely to discuss their results with their PCP.
In summary, INFORMD demonstrated that a brief, personalized video following mammography can improve knowledge of personal MBD and risk of breast cancer compared to a legislatively mandated informational letter. Legislatively required language alone was not associated with improvement in knowledge. The videos were implemented in clinical practice without disruption of work flow and were well accepted by patients. 
